The nuclide cross sections and the longitudinal velocity distributions of residues produced in the reactions of 136 Xe and 124 Xe at 1 A GeV in a lead target were measured at the highresolution magnetic spectrometer, the Fragment Separator (FRS) of GSI. The data cover a broad range of isotopes of the elements between Z = 3 and Z = 56 for 136 Xe and between Z = 5 and Z = 55 for 124 Xe, reaching down to cross sections of a few microbarns. The velocity distributions exhibit a Gaussian shape for masses above A = 20, while more complex behaviour is observed for lighter masses. The isotopic distributions for both reactions preserve a memory on the projectile N/Z ratio over the whole residue mass range.
tant source of information on the properties of nuclear matter under extreme conditions. Experimental studies in this field extend from the Fermi-energy regime to relativistic energies. These two energy regimes are characterised by quite different types of reaction dynamics: If the projectile velocity is comparable with the Fermi velocity, nucleon exchange between the reaction partners during the collision is important. During the collision stage, the neutron-to-proton ratio N/Z of projectile and target tends to equilibrate. Observation of the magnitude of this process (known as isospin diffusion) carries information on the symmetry energy coefficient at high temperature and density [1, 2] . Non-central collisions at these energies are characterised by deepinelastic transfer [3] , while central collisions form a highly excited compressed piece of nuclear matter, suitable for the study of multifragment decay and phase transitions [4] .
At relativistic energies, the Fermi spheres of projectile and target are well separated. Transfer of nucleons is very unlikely, and the geometrical abrasion picture seems well justified [5] . Flow patterns of nucleons and particles as well as kaon production from central collisions have been studied to deduce the equation of state of hot and compressed nuclear matter [6, 7] . At larger impact parameters, spectator matter is sheared off from projectile and target and continues moving essentially with its original velocity. A considerable amount of excitation energy [8] and a slight momentum transfer [9] are induced, but compression is small. Thus, peripheral heavy-ion collisions at relativistic energies are ideal scenario for studying multifragment decay due to purely thermal instabilities [10] , avoiding compression effects.
Most experimental devices, developed for such studies, aim for covering the full solid angle in order to provide a complete survey on multiplicities and correlations of chargedparticle production. Although this information is crucial for many conclusions, high-precision information on mass and momentum is lacking, since the resolution of these devices is rather limited. This is particularly unsatisfactory if the evolution of the N/Z degree of freedom is to be studied. In order to study effects of "isospin diffusion", systematic studies on the isotopic distributions of heavy nuclei from heavy-ion collisions at Fermi energies have been performed with high-resolution spectrometers, e.g. [11] , using projectiles and targets with different neutron excess. However, the situation after the collision stage is not directly observable, because it is further modified by sequential and eventually multifragment decay. Consequently, the final observed isotopic distributions carry the combined information from both -collision and decay stage of the reaction. On the other hand, the isotopic distributions of heavy nuclei from relativistic heavy-ion collisions, where nucleon exchange during the collision is negligible, can give more direct insight into the influence of sequential decay and eventually multifragment decay on the N/Z degree of freedom. Therefore, combining the experimental results from the two energy regimes one can gain more specific information on the evolution of the N/Z degree of freedom during the different stages of the reaction.
Moreover, high-resolution experiments on heavy-ion collisions at relativistic energies can provide deeper insight into the thermal properties of highly excited nuclear systems and on possible liquid-gas phase transitions [12, 13] . Detailed study of the kinematics of the spectator matter has also revealed information on the non-local properties of the nuclear force [14, 15] .
Unfortunately, detailed experimental information on heavy-nuclide production at relativistic energies is rather lacking. An experimental campaign on the formation of heavy residues in proton-and deuteron-induced spallation reactions performed at GSI, which was motivated by nuclear technology, has demonstrated the power of the experimental method and has provided a systematic set of highquality data [16] . Similar data on heavy-ion collisions are much scarcer, although using the heavy-ion accelerator at GSI (SIS18) considerably higher excitation energies can be introduced into the colliding system. Thus, our knowledge on the properties of highly excited nuclei may be appreciably extended.
The present work is dedicated to the first experiment on determining the full nuclide distributions of projectile-like residues in two systems with very different N/Z content: 124 Xe and 136 Xe + Pb, at the beam energy of 1 A GeV. The heavy target nucleus has been chosen in order to minimize the surface that divides the projectile spectator from the participant zone for a given size of the projectile spectator. Thus, surface effects due to the abrasion process should be minimised. The experiment has been performed at the magnetic spectrometer FRS at GSI. Due to its high resolution, all residues were identified in mass number A and nuclear charge Z. Moreover, the longitudinal momenta of all residues were determined with high precision.
The present paper explores the isotopic composition of the final residues measured in a broad range of nuclear charge and the influence of the neutron-to-proton ratio of the initial system on the isotopic composition of the final residues. Results on high-resolution measurements of longitudinal residue velocities are also given. This paper is dedicated to present the experimental data. More detailed discussions and comparisons with nuclearreaction models will be the subjects of forthcoming publications.
II Experimental technique
The experiments with the two xenon beams, 124 Xe and 136 Xe, both at 1 A GeV, were performed at the Fragment Separator (FRS) at GSI. The beams were delivered by the heavyion synchrotron (SIS) with intensities of ~3   .   10  8 and ~4   .   10  7 particles per spill for  124 Xe  and 136 Xe, respectively. In both experiments, the spill length was varied between 1 and 10 sec in order to keep the maximum counting rate allowed by the detector limits and the data acquisition system. In the following, the principles of the isotopic identification at the Fragment Separator and its detection system will be described. The Fragment Separator [17] is a highresolution magnetic spectrometer, which allows mass and element separation of the final residues ranging from the lightest masses up to the mass of the heavy projectile. The projectile-like fragments exiting the target are detected and isotopically identified in flight in the associated detector equipment. A schematic view of the experimental setup is shown in Fig. 1 .
The FRS is a two-stage magnetic spectrometer with a maximum bending power of 18 Tm, an angular acceptance of 15 mrad around the beam axis, and a momentum acceptance of 3%. A beam monitor, SEETRAM (Secondary Electron TRAnsmission Monitor), was used to constantly measure the number of incoming beam particles. The beam monitor and its calibration system are mounted in front of the spectrometer [18, 19, 20] . The SEETRAM consists of three thin foils of 11.5 cm in diameter which are mounted perpendicular to the beam axis. The outer foils are made of 14 µm thin aluminium, while the middle foil is made of a 10 µm thin titanium layer. The reaction rate in the SEETRAM amounts to less than 0.1% and the energy loss to less than 0.05% for both primary beams. The target is located 2.27 m in front of the first quadrupole of the FRS. In both experiments a natural lead foil of 635 mg/cm 2 thickness was used as a target. The primary beam looses less than 2% of its energy in the lead target. Corrections due to energy loss thus do not deteriorate the accurate measurement of the longitudinal momenta of the reaction products.
The standard FRS detection equipment was used for the isotopic identification. It consists of two plastic scintillation detectors, two Multiple-Sampling Ionization Chambers (MUSIC) [21] and a system of MultiwireProportional Counters (MWPC) [22] located as shown in Fig. 1 . In order to cover the full nuclear-charge range, the measurements performed in the present experiments were split into two groups of settings of the FRS. In the light-fragment settings the fragments with charge Z<30 were measured, while in the heavy-fragment settings fragments with charge Z>25 were detected in order to have a sufficient overlap of the measured cross sec-tions. In the case of light-fragment settings a degrader in the intermediate image plane was used so that only the fragments up to Z~30 were transmitted through the FRS. Moreover, due to the limited momentum acceptance of the FRS, fragments with a relatively narrow range of A/Z and/or velocities (i.e. magnetic rigidity Bρ) are transmitted in a given magnetic field. Thus, around 50 different settings of the magnetic fields had to be used within the light and heavy fragment FRS settings, respectively, in order to measure the reaction products in a broad range of A/Z and/or velocities. The magnetic fields of the first two dipoles were changed in steps of 1.5%, and the fields of the last two dipoles were correspondingly adjusted to keep a selected nuclear charge on the central trajectory. A step of 1.5% was chosen, since it corresponds to half the FRS momentum acceptance, which assures sufficient overlap of the velocity distributions measured in the neighbouring settings. In this way, the full velocity distributions could be reconstructed with a high quality. Since the full momentum (velocity) distributions of all residues are reconstructed from measurements performed in several different magnetic-field settings, see Figure 2 , the limited acceptance in momentum does not affect the measured results. For each produced nuclide, the integral of its velocity distribution, normalized to the number of beam particles, is evaluated to determine the production cross section. Due to the limited angular acceptance of the FRS, the transmission of residues having broad angular distributions is reduced and thus also the measured yields. While the heavy residues are produced with rather narrow angular distributions and they are almost fully transmitted through the FRS, the angular distributions of light residues are rather broad, and the angular transmission of these residues may be as low as 10%. As it will be discussed later, the rather low transmission of the light residues may nevertheless be corrected for, using a dedicated transmission calculation [23] , which simulates the transmission of every ion species through the magnetic fields of the FRS.
III Data analysis
The identification of the residues is the key part of the data analysis. In the following, the main steps of the analysis are outlined. A more detailed description of the analysis procedure can be found in ref. [24] . To determine the mass of the final residue, its charge, velocity and magnetic rigidity must be known. The mass identification is then performed according to the relation:
Here, e is the magnitude of the electron charge, u is the atomic mass unit, γ represents the relativistic Lorentz factor ( ) On the passage through various layers of matter in the beam line, the produced fragments may catch or loose electrons. These processes depend on the velocity of the fragments, the velocity of the electrons in their orbits and the material of the layer of matter. Ions with different charge states follow different trajectories in the FRS. This change of tra-jectory of the ion in the magnetic field following the capture or loss of an electron was used to separate the charge states of the final residues and to remove the majority of incompletely stripped ions from the analysis [25] . Nevertheless, a small fraction of incompletely stripped ions, which cannot be identified this way, still remains and may contaminate the cross sections of completely stripped ions. In the case of both investigated reactions this contribution was well below 1% for all the residues. Thus, in the following only residues with q=Z are considered to enter the above equation.
The velocity of every residue is determined from the measurement of its time-offlight using the relation v = l/ToF, where l is the length of the flight path of the residue. To determine the fragment velocity, its time-offlight is measured between the scintillation detectors located in the intermediate dispersive and final achromatic image planes F2 and F4 (see Fig. 1 ), respectively, over the flight path of 36.8 m. The resolution of the ToF determination is given by the time resolution of the scintillation detectors, and is as good as 100 ps (FWHM). This allows determining the velocity parameter βγ with a relative uncertainty of 2.8 .
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Bρ of every residue in the last two dipoles of the FRS must be determined for use in equation (1) . The determination of the magnetic rigidity consists of the measurement of the radius of the fragment trajectory in the second stage of the FRS for a given magnetic field. The value of the magnetic field is measured by Hall probes, and the radius of the trajectory is determined by measuring the fragment positions in two scintillation detectors situated at the final achromatic (F 4 ) and intermediate dispersive (F 2 ) image planes, respectively. The resolution in magnetic rigidity is given by the ionoptical properties of the FRS and by the position resolution of the scintillation detectors, and is as high as ( ) 4 10 5
Apart from velocity and magnetic rigidity, also the nuclear charge of every residue must be known in order to perform the mass identification according to equation (1) . To measure the charge of the produced fragments, two Multiple-Sampling Ionization Chambers located at F4 behind the scintillation detector were used. In order to obtain the nuclear charge of the residue with high resolution, several corrections must be applied to the measured energy-loss signal. The final, corrected energy loss reads:
where
is a correction for the velocity dependence of the energy loss, )
is used to correct for the dependence of the energy-loss signal on the horizontal position in the final image plane, and ) , (
is a correction for the change of pressure and temperature in the ionization chamber. A more detailed description of these corrections may be found in [25] .
III.1 Mass and nuclear-charge identification
Once fully stripped ions are selected, their mass and nuclear charge may be identified. The easiest way to obtain the identification is to display the energy-loss signals measured by the MUSIC versus the A/Z ratio calculated using equation (1) .
In Figure 3 , the identification plots from the 136 Xe+Pb experiment as measured in the light-and heavy-fragment settings are shown. Each single spot in the figure corresponds to an individual fragment of a given mass A and a nuclear charge Z. The high resolution in mass and nuclear charge achieved in this experiment may be seen in the clear separation of the spots corresponding to different nuclides. The mass resolving power, defined by the resolution of the measurements of magnetic rigidity (Bρ) and ToF, corresponds to A/∆A ≈ 400 even for the heaviest residues. The resolution of the nuclear charge is as good as ∆Z=0.4 units (FWHM) for all residues. This allows to isotopically identify all the reaction products ranging from the lightest ones up to the heavy projectile. A regular pattern may be observed in the positions of the single nuclides: The fragments to the right from the A/Z=2 chain (top panel in Fig.3 ) correspond successively to isotopes with N = Z+1, Z+2 etc., while fragments to the left correspond to N = Z-1, Z-2 etc. This pattern continues in the heavy-fragment settings. The mass and charge identification may now be easily performed using the known A and Z of the particleunstable nuclei, i.e. 8 Be, 9 B, and 16 F and the regular pattern of N=Z+k (k = -2,-1…). The regular pattern and the known A, Z of the projectile may be used to extend the identification towards heavy residues. In this way, a unique identification both in nuclear charge and mass may be performed. Note that the slight deviation of A/Z=2 from a strictly vertical line, observed in Fig. 3 top, does not affect the result of the nuclide identification, after which every fragment is fully specified in A and Z as integer numbers. The validity of the identification of single nuclides is confirmed by a correct 'overlap' of the mass and nuclear charge distributions as well as of <N>/Z determined in the light and heavy data sets. The isotopes of Z=3 were the lightest residues detected and identified in the 136 Xe+Pb experiment.
Similar considerations were applied for the identification of residues from the 124 Xe+Pb experiment, and the corresponding identifications plots are shown in Figure 4 . In this experiment, the lowest nuclear charge measured was Z=5. Also in case of this experiment a high mass and nuclear-charge resolution was achieved as may be seen in the clear separation of the spots corresponding to different nuclides.
From the top part of Figure 4 , a poor mass resolution may be observed in the range corresponding to nuclear charges Z=18-22. This is a consequence of a malfunction of the constantfraction discriminator used to obtain the position information from the arrival time of the signal from one side of the scintillation detector located in the intermediate image plane. Despite this, it was possible to reconstruct the isotopic identification and determine the production cross sections of the single isotopes by means of the time-of-flight measurement for all but the potassium isotopes, which had to be reconstructed using data measured in the heavy-fragment magnetic field settings. The corresponding production cross sections of these isotopes, however, suffer from larger systematic uncertainty.
III.2 Determination of the production cross sections and velocity distributions
To determine the production cross sections from the measured yields of single nuclides, the following relation is used:
Here N Pb is the number of lead-target nuclei per unit area, ) , ( Z N Y meas stands for the deadtime-corrected production rate per incident projectile, ) , ( Z N T represents the correction factor for the transmission losses due to the limited angular acceptance of the FRS, and ) ( A s includes corrections for secondary interactions in the materials in the beam line.
After the identification of A and Z, the value of βγ for each fragment was recalculated from the following equation:
where M(A,Z) is the mass of the nucleus (A,Z).
In this way, the final resolution in the βγ measurement is given only by the resolution in Bρ, since A and Z are integer numbers after identification, and is, therefore, improved by almost an order of magnitude as compared to the resolution obtained from the TOF measurement. In order to obtain the correct shape of the velocity distribution, the number of counts measured in each magnetic-field setting was normalized to the number of beam ions impinging on the target in this setting. Finally, the velocity distributions from single settings were combined, and the full velocity distribution as illustrated in Figure 2 for 31 P was obtained.
The yields obtained by the integration of these velocity distributions still need to be corrected for the limited angular acceptance of the FRS. For this purpose, the transmission calculation developed in ref. [23] was applied. The model is based on the assumption that momentum distributions have isotropic Gaussian shape around the mean value of the momentum of the emitting source. Using this calculation, the transmission coefficients were determined. The importance of the transmission correction decreases with increasing nuclear charge of the residue, since heavier residues are produced with narrower angular distributions, and the angular acceptance of the FRS is adapted to the emittance of heavy fragmentation products. In both experiments, the transmission ) , ( Z N T varied between 25% for Z~10 and reached 100% for Z~40. The uncertainty of the transmission correction decreases with increasing nuclear charge and varies between 9% for Z=10 and values below 1% for Z>33.
The correction for secondary reactions in the materials in the FRS beamline (scintillation detector, degrader) was performed using calculations [26, 27] based on the Glauber approach. The corrections range from 3% for A=5 to 10% for A=60 in case of light-fragment settings and from 6% for A=50 to 10% for A=136 in case of heavy-fragment settings. The higher correction values in the case of lightfragment settings are caused by the thick degrader, which was not used in the heavyfragment settings. The uncertainty of the secondary-reaction calculation corresponds to app. 10%, which results in a relative systematic uncertainty of production cross sections between 0.3-1% for A=5-60 and 0.6-1% for A=50-136. The contribution of the secondary reactions in the target material does not exceed 1% for all measured fragments.
IV Experimental results
In this section the experimental results concerning isotopic, mass and nuclear-charge distributions as well as velocity distributions of the residues formed in the reactions of 124,136 Xe+Pb at 1 A GeV will be presented.
IV.1 Velocity distributions
The approach, outlined above, to determine the full velocity distributions inside the angular acceptance of the FRS was applied for both measured systems, and examples of some velocity distributions are shown in Figure 5 . For most residues, the longitudinal velocity distributions show Gaussian-like shapes. The tendencies observed in the upper mass range agree with those expected from systematics [9] : The width increases and the mean value decreases with decreasing mass. The width reveals the influence of the Fermi momenta of the abraded nucleons [28] as well as the influence of particle evaporation from the thermally equilibrated system [29] , while the mean value reflects the friction experienced by the projectile spectator in the abrasion process. For elements below magnesium, the longitudinal velocity distributions become more complex and deviate from a Gaussian shape. Between neon and carbon, they are asymmetric with a tail to lower velocities. For lithium, a second peak even develops at low velocities. Due to the limited angular acceptance of the FRS, the data for the lightest elements rather correspond to the variation of the invariant cross section along the beam direction [30] .
Complex structures in the invariant cross sections have been observed previously for the light residues of the systems 56 Fe + 1 H, Ti [30] from another experiment at the FRS. In 56 Fe + 1 H, the lightest residues showed doublehumped distributions, typical for binary asymmetric mass splits. In contrast, the system 56 Fe + Ti showed Gaussian-like distributions over the whole mass range. This would be compatible with assuming multifragmentation as the dominant production mechanism for the lightest residues in reactions with the heavier titanium target. These results show that fragments of the same size can be produced by different reaction mechanisms. This observation suggests that the present data may be interpreted as a manifestation of different mechanisms resulting in the production of a given fragment in the same system. However, a more detailed discussion on this subject, which requires performing dedicated model calculations with a suitable nuclear-reaction code, is beyond the scope of the present paper, and will be the subject of a forthcoming paper.
In the following it is assumed that the fluctuations of the velocity distributions of the residues with atomic number larger than 9 are isotropic in space around the average emittingsource velocity. Under this condition, the losses due to the limited angular acceptance of the FRS can be estimated using the algorithm of ref. [23] . For the lighter residues, only the directly measured production cross sections inside the angular acceptance of the FRS will be given.
IV.2 Angular-acceptance-integrated production cross sections
In order to provide the full isotopic distributions over a broad range of elements, the production cross sections over several orders of magnitude had to be measured. An overview of the complete dataset is shown in Figure 6 . The production cross sections measured in both experiments extend over a range of ≈1µb to 2b with the production cross sections for the isotopes of a single element spanning in most cases over three orders of magnitude. The angular-acceptance-integrated production cross sections (not corrected for the limited FRS acceptance affecting mainly lighter residues) were determined for all nuclides measured in the two experiments which correspond to isotopes of elements Z=5-55 and Z=3-56 in case of the 124 Xe+Pb and the 136 Xe+Pb experiments, respectively. The angular-acceptance-integrated cross section acc σ may be expressed as:
where FRS α denotes the FRS acceptance of 15 mrad around the beam axis. The interest in the angular-acceptance integrated cross sections lies in the fact that they provide directly measured quantities independent of the assumptions on the velocity distributions in the full velocity space needed to model the transmission of fragments through the FRS and on the transmission calculation itself. Since the velocity distributions of the fragments from both reactions are similar, the angular-acceptanceintegrated isotopic distributions are well suited for the relative comparison of the products of the two reactions. The numerical values of the transmission-corrected production cross sections for both experiments are listed in Annex A.
The angular-acceptance-integrated isotopic distributions from both experiments measured in the nuclear-charge range Z=5-55 ( 124 Xe+Pb) and Z=3-56 ( 136 Xe+Pb) are compared in Figure 7 . Due to the thresholds of the electronics, some losses may be expected in case of Z=3 isotopes measured in the 136 Xe+Pb experiment, and the corresponding cross sections introduced in Figure 7 should be considered as lower limits only. Please, note that not all the isotopes visible in the identification pattern in Figure 3 and Figure 4 may be found in Figure 7 . In case of the lightest residues this is due to their broad velocity distributions, which were not fully measured for all the detected isotopes, and thus the cross section could not be properly determined. Velocity distributions of several heavy isotopes (see table A.1) in case of 124 Xe+Pb were severely cut by slits, which were inserted to protect the detectors from the most intense charge states of the primary beam with zero, one and two electrons, and thus their cross sections could not be recovered. Some heavy neutron-rich isotopes from the 136 Xe experiment were affected as well (48≤Z≤52), resulting in the apparent deviation of the corresponding cross sections from a smooth trend. Several interesting observations can be made by comparing the shapes of the isotopic distributions produced in the reactions with the two projectiles largely differing in the initial neutron-to-proton ratio N/Z ( 124 Xe with N/Z=1. 30 and 136 Xe with N/Z=1.52). A slightly enhanced production of more neutron-rich isotopes is observed in the isotopic distributions of the lightest elements (Z ≈ 5-9) measured in the fragmentation of the more neutron-rich 136 Xe projectile. This enhancement of cross sections for neutron-rich isotopes is replaced by a shift of the isotopic distributions towards more neutron-rich isotopes for elements with charge above Z ≈ 10. A clear difference between the positions of the maxima of the isotopic distributions from fragmentation of 124 Xe and 136 Xe projectiles may be observed, which increases with increasing nuclear charge. The largest difference is observed for the elements in the vicinity of the projectile, since here a pronounced memory on the initial isotopic composition is preserved due to rather low excitation energies acquired in the collision. With decreasing nuclear charge this memory is considerably reduced due to higher excitation energies introduced in the collision and, thus, a longer deexcitation process. Nevertheless, already from this comparison it is obvious that the memory on the initial N/Z is preserved in the whole nuclear-charge range despite the influence of the evaporation process. Apart from the observation that a more neutron-rich projectile results in more neutronrich final residues, the isotopic distributions from the 136 Xe projectile appear to be broader, which is especially pronounced for elements in the vicinity of the projectile. The isotopic distribution of primary fragments produced by the initial collision transforms into the distribution of final fragments through the emission of neutrons, protons and complex clusters. Due to the higher neutron excess of the 136 Xe projectile, the evaporation from elements close to the projectile may be viewed as progressing close to a horizontal line of constant Z in the chart of the nuclides, populating thus a rather broad range of isotopes of the same element. On the contrary, in case of the less neutronrich projectile 124 Xe the competition between neutron and proton evaporation depopulates a given isotopic chain in favor of producing isotopes of lower elements. As a consequence, only a rather narrow range of isotopes of the same element is populated in the evaporation in case of this less neutron-rich projectile. Narrower isotopic distributions in the vicinity of the projectile may, thus, be expected for 124 Xe. In addition to the trends in the mean values and widths, another interesting feature may be observed in the final isotopic distributions from both experiments. In the nuclear-charge range Z ≈ 5-15 a staggering in the cross sections of neighboring isotopes can be seen. This staggering is a manifestation of an even-odd effect resulting from the condensation process of heated nuclear matter while cooling down in the evaporation process [31] . As such, it can be considered as the manifestation of the passage from the normal liquid phase of the nucleus to its superfluid phase. The even-odd staggering disappears around Z~15 due to the increasing competition of the γ-emission as a consequence of increasing level density below the particle emission threshold. In ref. [31] a quantitative discussion of the even-odd staggering in the production cross sections is given. It is remarkable in the present data that also for the heavy nuclides in the vicinity of the projectile an even-odd staggering in the production cross sections is present (Z=53). This is a new observation absent in the previous FRS experiments with heavier projectiles (Pb+Cu, Pb+ 1,2 H, Au+ 1 H) [32, 24, 33, 34] . In both experiments also the chargepickup reactions were measured (isotopes with Z>Z projectile ). While in case of the less neutronrich projectile only single charge-pickup channels are observed (Z=55), in case of 136 Xe also double charge-pickup residues were detected (Z=56). Charge-pickup reactions proceed [35, 36] either through a quasi-elastic collision between a proton and a neutron of the target and the projectile nucleus, respectively, where the proton replaces the neutron inside the projectile-like fragment, or through the excitation of a projectile or a target nucleon into the ∆(1232)-resonance state and its subsequent decay. In case of the more neutronrich projectile the primary projectile-like fragment after the charge-pickup reaction is still rather neutron-rich so that the neutron emission dominates in the evaporation process. As a consequence, the isotopes of the same nuclear charge as the excited projectilelike fragment are predominantly produced. Again, the competition between the neutron and proton emission in case of the primary projectile-like fragment from the less neutronrich 124 Xe may be the reason, why the double charge-pickup residues (isotopes of Z=56 element) are not observed in case of this projectile.
IV.3 Mass and nuclear-charge distributions
To obtain the full production cross sections, the correction for the limited angular transmission of single isotopes through the FRS must be applied. The correction for the limited angular transmission through the FRS was performed only for isotopes of elements with Z≥10 in both experiments. The velocity distributions for the lighter elements reveal structures presumably originating from the overlap of contributions from different reaction mechanisms, which makes the determination of the transmission correction for these isotopes rather difficult. Therefore, the production cross sections in the following are restricted to the final residues in the nuclearcharge range Z≥10, where the transmission correction was evaluated under the assumption of isotropic Gaussian-shaped momentum distributions around the mean value of the emitting-source momentum. The mass and nuclear-charge distributions determined from the production cross sections measured in both experiments and corrected for the FRS angular transmission are presented in Figure 8 . Systematical uncertainties are the same as those of the nuclide yields in the corresponding element respectively mass range. The slight depletion observed in the mass distribution for the reaction 124 Xe+Pb in the mass range A~40 is a consequence of the fact that the isotopes of the element Z=19 could not be reconstructed from the light-fragment settings. Rather they had to be extracted from the heavy-fragment settings where they passed the FRS rather close to its borders and consequently the yields of these isotopes were slightly cut by the FRS acceptance. Similarly, a slightly lower value of the total elemental cross section of this element is observed in the charge distribution.
Overall, rather similar trends in case of both projectiles are seen, characterized by steeply decreasing cross sections of the heavy residues with decreasing mass and nuclear charge, followed by a plateau of rather constant cross sections below A~65 (Z~30) and an exponential increase of the cross sections of the light fragments. In the earlier investigations of the mass and nuclear-charge distributions, the shape of the nuclear charge or mass distributions was observed to evolve from two distinct regions corresponding to heavy residues close to the projectile (or target) and to light fragments produced in evaporation, towards the U-shape nuclear charge and mass distributions [37] . The former case is typical for the sequential evaporation from a moderately excited nuclear source, while the Ushape distributions were usually observed in case of collisions where considerably higher excitation energies were introduced, leading eventually to the simultaneous break-up of the highly excited nuclear source [38] . Exploring the mass or nuclear-charge distributions measured in the present experiments, it is observed that the cross sections of residues in the plateau regions are approximately only a factor of 2-3 lower than the cross sections of the lightest fragments observed. This moderate change of the cross section as a function of mass and nuclear charge is more similar to trends of the mass and nuclear-charge distributions measured in reactions with considerably high excitation energies introduced in the collision, which may proceed through a break-up stage.
IV.4 Mean N-over-Z ratio
Already from the comparison of the measured isotopic distributions, the enhanced production of more neutron-rich isotopes in the 136 Xe+Pb reaction could be observed. This trend suggests a dependence of the final isotopic composition on the N/Z of the projectile, and may be studied in more detail if the mean values of the isotopic distributions from both experiments are compared. For this purpose, the mean N-over-Z ratio (<N>/Z) is determined from each isotopic distribution allowing a direct comparison with the N/Z of the two projectiles. Figure 9 shows the <N>/Z of the final residues measured in both experiments as a function of the nuclear charge. The data are compared with the stability line obtained from ref. [39] . Three different regions may be identified in the data:
(1) For the nuclei in the vicinity of the projectile (app. 50≤Z≤54) a rather steep decrease of the <N>/Z values is observed with decreasing nuclear charge for the case of the 136 Xe projectile. This decrease appears to be less steep in case of the 124 Xe projectile. These observations may be understood as a consequence of very peripheral collisions producing the final residues in the vicinity of the projectile, where rather low excitation energies are introduced. In case of the 136 Xe projectile the neutron emission dominates the evaporation process for the primary fragments in this nuclearcharge range. This prevalent neutron emission strongly affects the N/Z of the residues, which results in the steep trend observed in the figure. On the contrary, in case of the less neutron-rich projectile 124 Xe the emission of neutrons and protons may compete in the evaporation process already at rather low initial excitation energies, which makes the change of the N/Z of residues close to this projectile less steep.
(2) In the region below Z ≈ 50 the transition to a smoother dependence of the <N>/Z on the nuclear charge occurs. This is a consequence of higher excitation energies introduced in the collision, and, thus, the competing emission of neutrons, protons, and eventually more complex clusters during the evaporation. Nevertheless, despite the decreasing nuclear charge (i.e. increasing excitation energy acquired in the collision), the final residues from the 136 Xe projectile remain to be more neutron-rich on average as compared to the residues from 124 Xe in the whole nuclear-charge range. This was already observed in the relative shift of the isotopic distributions from the two projectiles. This observation is particularly interesting, since as discussed in refs. [40, 41] , the isotopic composition of the final residues after a long evaporation process is expected to gradually approach the region of equilibrium neutron-and proton-emission probabilities, known as the evaporation-attractor line (EAL) or the residue corridor [40, 41] . Thus, the isotopic composition of the final residues far from the projectile should no longer depend on the N/Z of the initial system. The extent to which the corridor appears to be 'attractive' to the final residues depends, however, on the neutron or proton excess of the initial system, which may, due to the emission of more complex clusters in the evaporation, even prevent the final residues from reaching the residue corridor at all [41] . At the same time, the highly excited nuclear source can undergo a simultaneous break-up process, which may affect the isotopic composition as well as the excitation energy of the produced fragments that enter into the evaporation process. As a consequence, the final residues may be prevented from ever reaching the residue corridor [12] . The difference in the final <N>/Z of the final residues is an interesting observation, which may be used to investigate the relative importance of different reaction mechanisms leading to the final isotopic composition. This will be the subject of a forthcoming paper.
(3) The <N>/Z of the lightest nuclei (below Z ≈ 15) strongly staggers as a function of Z. This nuclear-charge range coincides with the region where the even-odd effect is particularly pronounced in the isotopic distributions, as discussed earlier. It is the enhancement of the production of the even-N stable isotopes (mostly N=Z) for even nuclear charge, which is responsible for the shift of the mean values of the even-Z isotopic distributions towards the less neutron-rich isotopes. This shift is reflected in the lower values of the <N>/Z of the final residues with even nuclear charge.
Overall, the <N>/Z provides a rich experimental information, which upon comparison with nuclear-reaction codes can help to extract additional information on the properties of highly excited nuclear systems [12] .
V Summary
Within the current paper, the velocity distributions and cross sections of residues produced in the interactions of 124 Xe(N/Z=1.30) and 136 Xe(N/Z=1.52) projectiles with a lead target were investigated. Both experiments were performed at the high-resolution magnetic spectrometer, the Fragment Separator at GSI, which allows for the identification of the reaction residues in the complete mass and nuclear-charge range. More than 1100 nuclides were measured in both experiments, covering the isotopes of Z=3-56 elements in case of the 136 Xe+Pb reaction and Z=5-55 elements in case of the 124 Xe+Pb system.
The angular-acceptance-integrated cross sections were determined for all isotopes in this nuclear-charge range. The transmissioncorrected production cross sections, which correspond to the full production of single isotopes, were determined for isotopes in the nuclear-charge range Z=10-55(56) for the 124 Xe and 136 Xe projectile, respectively. The production cross sections measured in each experiment range over several orders of magnitude from 1µb to 2b with a relative uncertainty corresponding to 8-15% in most cases. The longitudinal momenta of the residues were measured with a relative uncertainty of 5⋅10 -4 , which allows to investigate the mechanisms responsible for fragment formations.
The measured isotopic distributions reveal an enhancement of cross sections for neutronrich isotopes of the lightest elements produced in the reaction 136 Xe+Pb as compared to the reaction 124 Xe+Pb. This is then gradually replaced by a shift of the mean values of the isotopic distributions in the reaction 136 Xe+Pb towards the more neutron-rich side for elements with nuclear charge above Z ≈ 10. This observation reveals a clear memory on the N/Z of the projectile being preserved over the whole range of the nuclear charge despite the influence of the evaporation process, and thus the isotopic distributions may be used to investigate the relative importance of different reaction mechanisms leading to the final isotopic composition. Furthermore, these data are of importance for studying the isospin effect in the symmetry energy and for studying the effect of the evaporation on the observables which are related to the EOS.
Annex A Compilation of the cross sections measured in the 136 Xe+Pb and 124 Xe+Pb reactions
The transmission-corrected production cross sections measured in the two experiments, which were analyzed within this work, are summarized in table A.1. The corresponding absolute uncertainties (values include both, statistical and systematical uncertainties) are indicated. 
